This paper attempts to design a system based on the sensors on the market, enabling intelligent automatic control the electronic devices in our homes. For this purpose, the authors created an automation system for room lights and coolers that can be remotely controlled. The system detects human movements with passive infrared receiver (PIR) sensors, measures the room temperature by LM35 sensors, and captures the light intensity of the room by light dependent resistor (LDR) sensors. The data of the three sensors are processed using ATMega2569 microcontroller. The key components of the system were programmed in C language. The measured results of the proposed system were compared with those of standard tools. The comparison shows no significant difference between the two sets of results, with a confidence level of 95 %. Therefore, our system is of great help to those who often forget to turn off electronic devices in their rooms.
INTRODUCTION
Indonesia is included in the list of 23 countries with the highest energy consumption in the world. The list was issued by a nonprofit organization from the United States (US), American Council for Energy -Efficient Economy (ACEEE). Based on ACEEE report, Indonesia ranks 17 th in 23 groups of countries related to the level of energy efficiency [1] . This is also supported by the increase in per capita electricity of consumption from 2014 to 2017.
In 2014 Indonesia's electricity consumption per capita was 812 Kwh so that in 2017 Indonesia's electricity consumption per capita increased to 1000 Kwh [2] , and of course this increase will occur continuously every year. Increased consumption of electrical energy is due to the increase in living standards that occur in Indonesia which has resulted in an increase in the number of equipment that requires electrical energy. In addition, increased consumption of electrical energy is certainly influenced by human error, for example is forgetting to turn off electrical equipment when leaving a room or house.
Based on the issues, the authors have made an automation system for lighting and air conditioning that only works if human activity is detected in the room. Therefore, there will be no waste of electrical energy. And, this system can be controlled remotely by SMS. If with the assumption that humans leave home ± 18 hours per day, it can be said the system will help prevent electricity uses by ± 75 %. Then it can be said that human influence on energy savings is ± 75 % and the rest depends on the quality of the technology and equipment used. This indicates that, humans have a large role in energy saving activities.
Automation is defined as a technology that is concerned with the use of mechanical, electronic, and computerbased systems in the operation and control of production [3] . Therefore, we need an automation system design that is able to control electrical equipment such as lights and coolers to save electrical energy SMS based. The tool used to receive and send SMS as a remote control is the SIM800L GSM Module. A relay is an electromagnetic switch which is used to switch High Voltage/Current using Low power circuits [4] . The main usage of the relay was seen in the history for transmitting and receiving the information, that was called as Morse code where the input signals used to be either 1 or 0 [5] . The system will automatically turn on lights and coolers with relay if detected human activity in the room by considering the condition of the room (light intensity and room temperature), and will turn off the lights and coolers if no human activity is detected in the room. This system is able to send information about ON/OFF the lights and coolers to the owner's room cellphone via SMS. This is intended if an error occurs in the system, then the owner's room is able to control the system via his cellphone from far away. Thus, this system will not allow lights and coolers to turn on continuously if the room is not being used by humans.
The remainder of this paper is organized as follows: Section 2 introduces the research methodology, such as the designed tools, how to do the research, what tools and materials are needed to conduct the research, and how to process the data. Section 3 shows the results of research that has been done, and discuss it in Section 4. Like mistakes that were not intentionally made when making design tools and when doing research. And the last section, Section 5, contains conclusions about the whole experiment and provides some suggestions and tips for future researchers who conducting the similar studies.
ATMega2560 microcontroller with SMS based. The purpose of this research is to assist in the activities of saving electrical energy and to know the difference results of measurements between the designed tools and standard equipment. One of the most important parts of the project is programming process which can be done by C language [6] . The flow chart and block diagram of the designed tools can be seen in Figure  1 
Measurement and observation parameters
Measurements are carried out in four different room conditions (Dark -Cold, Dark -Hot, Bright -Cold, and Bright -Hot). From each of these conditions, measurements were taken as much 35 times for each sensor (PIR, LM35, and LDR).
The results of the measurement of temperature and light intensity of each room conditions are then compared with standard tools.
Research instruments
The sensor used is Passive Infrared Receiver (PIR) to detect human movement [7] , then the LM35 sensor to measure the room temperature, and the Light Dependent Resistor (LDR) sensor to measure the light intensity of the room. Then, these three sensors are processed using ATMega2569 microcontroller. The microcontroller consists of CPU, RAM, ROM, and input/output ports embedded in a small chip [8] . Unlike a microprocessor, it includes processor with memory location for storing programs written in C language [9] . The maximum voltage is 24volt, and is limited up to 5 Vref Pulse Width Modulation Signal [10] . This research was started at the author's residence from December 8, 2018 to February 8, 2019.
Data collection and analysis procedures
In order for the automation system works properly, a set point is needed. The set point used in this research is 25 ℃ for the LM35 temperature sensor (if the room temperature is below 25 ℃ the system will turn off the coolers because the room is already cold, and vice versa, if the room temperature is above 25 ℃ the system will turn on the coolers because the room is already hot). The next set point is 300lux for the LDR light intensity sensor (if the light intensity of the room is below 300lux the system will turn on the lights because the room is already dark, and vice versa, if the light intensity of the room is above 300lux the system will turn off the lights because the room is already bright).
Measurements of temperature and light intensity is carried out at each conditions of the room at the same time. Measurements are carried out by changing the amount of temperature and intensity of light in the room varies. This aims to improve the data variant.
To test the difference measurements between the designed tools and the standard tools, the average difference test is used manually by calculating Zcal and using IBM SPSS Statistics 22 application to make sure that the measurement results are tested properly. If the value of Zcal < Ztable [10] and pvalue shown by the results of IBM SPSS Statistics 22 is greater than 0.05, it means there is no significant difference between the average results of measurements of the designed tools and the standard tools.
RESEARCH RESULTS
The results obtained from this research are lights and coolers automation system that can be controlled remotely by owner's room cellphone with SMS based. The results of the designed tools can be seen in Figure 3 . This system used the GSM SIM 800L module as a medium of communication between systems with the owner's room cellphone as shown in Figure 4 . GSM SIM 800L is designed to interface with the 5V DC TTL and 3V3, this allows users to easily interface with 5V MCUs (PIC, AVR, Arduino, 8051, etc.) [12] . All measured data from each sensor and its algorithm in the execution of the plant (lights and coolers) and sending SMS to the owner's room (as a remote controller) are processed by the ATMega2560 microcontroller. This system consists of two main circuits namely: Remote control circuit and automation system circuit. From the measurement results it was found that the PIR sensor was able to work well at a distance of 0 -5 meters with an angle (θ) 0˚ < θ < 180˚ to the sensor.
In Dark -Cold conditions the results of the linear regression coefficient between the designed tools and standard tools are 98.67 % for LDR sensors and 95.25 % for temperature sensors. The results of statistical tests obtained by Zcal were -1.01 (p -Value of 0.126) for LDR sensors and Zcal were -2.71 (p -Value of 0.126) for temperature sensors.
In Dark -Hot conditions the results of the linear regression coefficient between the designed tools and standard tools are 91.94 % for LDR sensors and 92.32 % for temperature sensors. The results of statistical tests obtained by Zcal were -9.00 (p -Value of 0.245) for LDR sensors and Zcal were -7.90 (p -Value of 0.054) for temperature sensors.
In Bright -Cold conditions the results of the linear regression coefficient between the designed tools and standard tools are 97.18 % for LDR sensors and 95.19 % for temperature sensors. The results of statistical tests obtained by Zcal were -0.05 (p -Value of 0.462) for LDR sensors and Zcal were -2.60 (p -Value of 0.060) for temperature sensors.
In Bright -Hot conditions the results of the linear regression coefficient between the designed tools and standard tools are 92.02 % for LDR sensors and 93.8 % for temperature sensors. The results of statistical tests obtained by Zcal were -0.02 (p -Value of 0.702) for LDR sensors and Zcal were -1.67 (p -Value of 0.220) for temperature sensors. All statistical test results obtained using a level of confidence (α) = 95 %.
DISCUSSIONS
The linear regression coefficient is a quantity that represents the suitability of the measurement results between the designed tools and standard tools, the greater the linear regression coefficient (100%), the more appropriate the standard tools.
From the experiments carried out it was found that there was a change in the linear regression coefficient of each room's conditions.
From the Dark -Cold to the Dark -Hot room's conditions there is a difference in the linear regression coefficient of 6.73 % (98.67 % -91.94 %) for the LDR sensor and 2.93 % (95.25 % -92.32 %) for temperature sensors. Likewise, the Bright -Cold to the Bright -Hot room's conditions has a difference in the linear regression coefficient of 5.16 % for the LDR sensors and 1.39 % for the temperature sensor. It can be seen that the biggest difference is indicated by the measurement results by the LDR sensors. This is caused by several factors: temperature changes detected by the LM35 temperature sensors can cause the regulation of the distribution of electrical power to all components disturbed, so that it affects the electrical power supply to the LDR sensor to read the light intensity. The next factor is due to lack of quality in making designed tools so that designed tools are very sensitive to small collisions.
The designed tools that has been made by the author is now equipped with a remote controller using SMS. If the room's owner wants to turn off this designed tool from away even far away -while getting GPRS signal [13] only by sending an SMS command "OFF" then the designed tools becomes inactive and sends the SMS confirmation again that the tools is completely off. Likewise, if the room's owner wants to turn on the designed tools only by sending an SMS with the command "ON", then the designed tools returns active. The cellphone is set to understand the message been sent to it. So, after the message have been send to cell phone it senses weather the code is from the desired number and whether the code is correct [14] .
CONCLUSIONS AND RECOMMENDATIONS
From the research carried out it has been successfully designed to build an automation system that can be controlled remotely based on SMS. The results of the measurement of light intensity and room temperature between the designed tools and standard tools have a precision level of 98. From the results of statistical calculations by manual and using the IBM SPSS Statistics 22 application, there is no significant difference in the average measurement results between the designed tools and standard tools with a confidence level of 95 %.
For the next researcher it is recommended to use a GSM module that is capable of receiving HSDPA signals or better known as 3G because the 3G network expansion is also a large investment for operators [15] has spread evenly throughout the region rather than the GPRS network.
